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A B S T R A C T   
Local governments have set highly ambitious greenhouse gas emission reduction targets on a strategic level, in 
some cases influenced by intermediary networks. Yet, the quantitative impacts of climate strategies or the 
sharing of best practices on emissions still remain largely unknown. The aim of this study was to examine the 
impact of an intermediary network on municipal greenhouse gas emissions. This was done through an econo-
metric analysis of the emissions of municipalities that are members of the Finnish Hinku (Towards Carbon 
Neutral Municipalities) network, and through comprehensive qualitative interviews conducted in 40 of those 
municipalities. Our quantitative results show that Hinku network membership has successfully led to the 
lowering of greenhouse gas emission levels in participating municipalities. The qualitative interviews suggest 
that this is due to systematic local level climate work, enhanced by network membership. The network functions 
as an intermediary in two ways: by providing expertise and enabling peer-support. In addition, it has also 
succeeded in legitimising local level climate action. Ambitious local level climate action can also affect the 
ambition of national climate policy, which in turn may reflect on the amount resources allocated to local climate 
action.   
1. Introduction 
The European Union and its member countries aim to be climate 
neutral by 2050. A few countries are aiming for the same target well 
before then. Alongside national and supranational targets and measures, 
local governments have set their own emission reduction targets, which 
can be even more ambitious than national ones, as is the case in the 
Nordic countries (Seppälä et al., 2019). Local governments also play a 
major role in putting targets into practice. Local governments manage 
infrastructure, control city planning and may influence the actions of 
their residents and companies. 
Yet, without coordination between different climate actors, it is 
unlikely that local governments will deliver on their potential to close 
the emissions gap (Nagorny-Koring, 2018; Boehnke et al., 2019; 
Palermo et al., 2020). Municipal climate networks can be seen as facil-
itating forms of global climate governance that enable local govern-
ments to adopt climate policies independently and proactively. 
Membership of these intermediary networks has indeed proven to in-
crease climate action (Rashidi and Patt, 2018; Gordon and Johnson, 
2018; Fuhr et al., 2018; Heikkinen et al., 2019). 
In practice, intermediary networks can aggregate knowledge and 
foster learning horizontally across different contexts (e.g. geographical 
spaces, governmental branches or cultures), or function vertically in 
offering support, help to build capacities and connect different levels of 
governance (Matschoss and Heiskanen, 2017; Kivimaa et al., 2019; 
Gustafsson and Mignon, 2020). However, the positive effect of increased 
climate measures, for instance, is dependent on several factors, such as 
how tailored the solutions offered by the network are (Rashidi and Patt, 
2018). Furthermore, establishing a direct link between municipal tar-
gets, subsequent climate action and eventually, achieved emission re-
ductions has been difficult (Millard-Ball, 2012; Damsø et al., 2017; 
Reckien et al., 2018). 
Econometric methods can be used to investigate the key drivers of 
greenhouse gas (GHG) emission levels in municipalities. Previous sta-
tistical studies that have investigated the issue have mostly been on a 
national scale (see e.g. Dogan and Seker, 2016; Dong et al., 2019; 
Eskander and Fankhauser, 2020). A few regional level studies exist, 
focusing mostly on China (see e.g. Zhou and Liu, 2016; Huang et al., 
2019). Recently there has been increasing interest in analyzing the 
emission reductions of transnational climate networks (Hsu et al., 2020). 
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Yet, there has been no quantitative knowledge on the impact of climate 
networks on emissions at the municipal level within a single country 
(Hoppe et al., 2016; Boehnke et al., 2019). 
All existing quantitative studies have analysed emission de-
terminants using econometric methods. However, there are no studies 
using an econometric approach in estimating the importance of different 
factors such as climate network membership or local climate action on 
municipal greenhouse gas emissions. The closest reference is the study 
by Hsu et al. (2020), where the emission reductions of over 1 000 
Covenant of Mayors cities were investigated. The study focuses on 
identifying the factors that determine if a city is on track to achieving its 
emission reduction target. Thus, they do not specifically investigate 
whether joining a climate network has an added impact on emission 
reductions. 
The reason for scarce literature examining the determinants of 
municipal greenhouse gas emissions is mostly due to the lack of 
municipal greenhouse gas inventories, which fortunately are available 
in Finland. An additional advantage of the dataset is that the calculation 
is conducted using the same methodology for all municipalities. As 
pointed out by Hsu et al. (2020), the differences in calculation principles 
can make comparability difficult in the international context. In this 
study we were able to circumvent this issue. 
One example of a national climate network is the Finnish Towards 
Carbon Neutral Municipalities (Hinku) network, which was chosen as a 
case study for this article. The network is facilitated by a national 
research institute and consists of municipalities committed to ambitious 
emission reduction targets. There are previous indications of the success 
of this particular network in raising climate ambition and strategic 
thinking on the local level (Matschoss and Heiskanen, 2017; Lukkarinen 
et al., 2018). However, like other climate networks, its impacts on 
municipal greenhouse gas emissions have thus far been difficult to 
assess. To address this gap, we analysed the impacts of the Hinku 
network on emissions, posing two research questions:  
- What are the measured impacts of climate network membership on 
emissions?  
- How does network membership affect local climate work and 
members’ efforts to reach their emission reduction targets? 
Two complementary approaches were used to address these ques-
tions. First, we performed a statistical analysis with econometric 
methods on the connection between regional emission levels and Hinku 
membership. Secondly, we conducted 40 qualitative interviews with the 
Hinku municipalities in order to assess the potential factors behind 
network membership affecting municipal climate work. 
This article is organized as follows. The case study, materials and 
methods are described in Section 2. Results of both the quantitative and 
qualitative research are presented in Section 3. Section 4 discusses the 
key findings in relation to the role of intermediary networks in reducing 
local level climate emissions and provides policy implications. Section 5 
concludes the article. 
2. Materials and methods 
2.1. Case Hinku – Towards carbon neutral municipalities 
Hinku is a network of Finnish municipalities committed to achieving 
an 80% reduction in their greenhouse gas emissions from 2007 levels by 
2030. Municipal members agree to this target by decision of the 
municipal council upon joining. The network is coordinated by the 
Finnish Environment Institute (SYKE), which functions under the juris-
diction of the Ministry of the Environment. The network has a steering 
group consisting of its members along with relevant key stakeholders, 
such as the Association of Finnish Municipalities. Municipality is the 
form of self-governing local authority in Finland, from small towns to 
large cities. 107 of Finland’s 310 municipalities also hold a city status 
(Association of Finnish Municipalities, 2019). 
To pursue the emission reduction target, a set of criteria have been 
established for member municipalities. These include appointing a 
contact person and establishing a climate working group, where key 
municipal administrative units are represented. The working group’s 
task is to devise an annual climate action plan, implement necessary 
investments and report on the progress of the municipality’s climate 
activities both internally and externally. The municipality should also 
join the Energy Efficiency Agreement for Municipal Sector (EEAM). The 
purpose of the criteria is to ensure cross-sectoral and systemic climate 
work in the member municipalities. 
Hinku started as a project consisting of five small municipalities in 
2008 and has since grown rapidly. For our study, we chose to include 
member municipalities that had joined the network by the end of 2018. 
This was done to ensure that the municipalities, interviewed in 2019, 
had at least some experience of the functioning of the network. At end of 
2018, the network included 44 municipalities with over 782 000 in-
habitants (approximately 14.2% of the Finnish population in 2018). At 
the time of the statistical analyses, however, annual municipal emissions 
data was only available from 2005 to 2017. As such, there is a slight 
difference in the number of Hinku municipalities included in statistical 
(37) and qualitative (40) analyses. 
2.2. Statistical analysis 
2.2.1. Municipal greenhouse gas emissions 
The statistical analysis was based on detailed local level greenhouse 
gas emission data, that has recently been calculated for all Finnish 
municipalities (N = 310) for the years 2005–2017 (for detailed calcu-
lation principles, see Lounasheimo et al., 2020a, 2020b). The calculation 
model (called ALas) follows the principles of the basic level of the Global 
Protocol for Community-Scale Greenhouse Gas Emission Inventories, 
the GPC (GHG Protocol, 2014). In contrast to the GPC basic level, the 
ALas model includes agriculture, F-gases and grid losses, but excludes 
local air traffic. A total of 80 emission sectors are included in the open 
database (Lounasheimo et al., 2020c). Due to the lack of localised data, 
the calculation excludes air traffic, foreign boat traffic, ice breakers, 
industrial processes and the land use, land use change and forestry 
(LULUCF) sector. For example, in 2017 the missing emissions (excl. 
LULUCF) were 4 700 kt CO2-eq., which corresponds to 8.5% of all 
emissions reported in the national greenhouse gas inventory. The 
calculation is mainly production-based but the emissions of some sec-
tors, such as district heating and electricity usage, are calculated based 
on consumption. 
The ALas model was developed to support climate work carried out 
by municipalities. The default reporting option is the so-called Hinku 
calculation, which includes emissions that municipalities can influence 
directly or indirectly through their actions. The Hinku calculation ex-
cludes emissions related to industrial electricity consumption, fuel usage 
of industrial plants regulated under the EU Emissions Trading System 
(ETS), industrial waste treatment as well as through traffic of trucks, 
vans and buses. The Hinku calculation also includes the possibility to 
attribute added emission reductions from wind power generation in 
favour of the municipality via an emission compensation mechanism. 
However, in this study we left out this compensation mechanism, as we 
wanted to focus on the actual amounts of emissions generated in each 
municipality. 
Generally, emissions had decreased in 292 and increased in 18 of the 
310 Finnish municipalities during the studied period of 2005–2017. 
Emissions from oil heating, electricity consumption and waste treatment 
had decreased in almost every municipality (see Fig. 1). For example, in 
nearly all municipalities emission reductions related to electricity usage 
are partly due to the decreasing emissions of electricity generation in the 
Finnish power system (Finnish Energy, 2020). On the other hand, there 
were large differences in e.g. district heating, agriculture and traffic 
emissions between municipalities. 
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2.2.2. Data and methodology 
As our main hypothesis we proposed that the levels of municipalities’ 
greenhouse gas emissions would be lower after becoming a member of 
the Hinku network. The econometric analysis included all 37 munici-
palities that had joined the network before 2018. The Hinku indicator 
variable was formulated as: 
Hinkuit=
{
1=municipalityibelongs ​ to ​ the ​ Hinku ​ network ​ in ​ yeart
0=municipalityidoes ​ not ​ belong ​ to ​ the ​ Hinku ​ network ​ in ​ yeart 
Factors that exogenously (i.e. out of the municipality’s direct con-
trol) determine the level of greenhouse gas emissions needed to be 
controlled to identify the impact of Hinku on municipalities’ emissions. 
In this study, we included control variables related to four main classes: 
i) weather conditions, ii) sociodemographic characteristics of the pop-
ulation, iii) regional characteristics and iv) regional economy and fuel 
market prices. 
Weather conditions include the average temperature in a year and 
the sum of yearly precipitation. Weather variables are measured as the 
averages of grid points in the weather model by the Finnish Meteoro-
logical Institute (Aalto et al., 2016). Especially temperature was ex-
pected to have a significant effect on the amount of emissions as a large 
share (27%) of Finnish energy consumption is related to the heating of 
buildings (OSF, 2020a). 
Population is described by the number of inhabitants, average 
disposable income, the share of persons with higher education (bache-
lor’s, master’s or doctoral degree) and the shares of employees 
commuting to or from the municipality. Previous literature has shown 
that higher income (Minx et al., 2013; Dogan and Seker, 2016) and a 
larger population (Liu et al., 2015; Zhou and Liu, 2016) result in higher 
greenhouse gas emissions. Furthermore, Franzen and Vogl (2013) 
showed that there is a relationship between higher education and 
environmental consciousness. 
Shares of different urban zones (7 categories in the urban zone 
classification), average occupancy rates, shares of political parties in city 
councils, and participation in the Energy Efficiency Agreement for 
Municipal Sector (EEAM) represent the impacts of regional character-
istics on emissions. For example, Wiedenhofer et al. (2017) have shown 
that urban form plays a role in greenhouse gas generation, but its impact 
may be case-specific (see e.g. Ottelin et al., 2019; Salo et al., 2019). 
Spacious household occupancy was expected to increase emissions as, 
for example, more heating per capita is required. Occupancy rate may be 
influenced by the municipality’s policymakers, but these changes tend 
to be very slow due to capital being bound in the existing building stock. 
As our sample period covers only thirteen years, we treated occupancy 
rate as an exogenous control factor in our analysis. 
Political party composition in the city council was included to 
control for the impact of overall environmental consciousness on 
municipal emissions (see e.g. Garmann, 2014). There is a clear distinc-
tion between parties that are considered more pro-environment (Green 
League and Left Alliance) and parties which are more conservative 
(Finns Party, Swedish People’s Party, Centre Party, Social Democratic 
Party, National Coalition Party and Christian Democrats). Lastly, 
participation in the Energy Efficiency Agreement for Municipal Sector 
(EEAM) was used to control for other pro-environmental attitudes that 
are not necessarily related to Hinku. 
Regional economic characteristics included in the modelling were 
the annual contribution margin per capita, shares of employees in in-
dustrial or service sectors, regional gross domestic product and the 
market prices for hard coal, peat and electricity. Instead of gross do-
mestic product (as used, for example, in Hsu et al., 2020), we propose 
that the annual contribution margin of a municipality is a better short- 
term proxy for describing resource availability for climate work execu-
tion. Annual contribution margin represents the income financing that is 
available for investments and the paying of loan instalments after 
running costs have been covered. It is considered as a key figure when 
evaluating the adequacy of a municipality’s income financing. A nega-
tive annual contribution margin per capita, for example, would indicate 
that the income financing is too low to even cover running costs, even if 
the region’s GDP were high. Instead, GDP better describes the level of 
infrastructure accumulated over a longer term (e.g. road infrastructure 
and access to services) that enables more cost-efficient actions to reduce 
emissions. A higher service sector share was expected to indicate lower 
emissions, as the combined share of primary production and industry 
would consequently be lower (see e.g. Zhang and Lin, 2012; Wang and 
Liu, 2017). Regional GDP is measured on a slightly less detailed level 
(LAU 1 in the Local Administrative Unit regional classification). There 
are 70 LAU 1 regions in Finland. 
The usage of fossil fuels is a key determinant of emissions. However, 
we chose not to include fossil fuel consumption levels directly in the 
estimation, as Hinku membership might alter their usage. For instance, 
district heat producers are commonly owned by municipalities, giving 
them some control over fuel choice. The direct inclusion of coal and oil 
consumption in the estimation might absorb part of the emission impact 
of Hinku membership. On the other hand, price levels of coal and peat 
were included in the estimation to capture any market-driven changes 
(not related to climate work) in coal and peat consumption levels. 
Higher prices of coal and peat could decrease their usage (whenever 
possible, from a technological point-of-view) in municipalities depen-
dent on them, which should lower municipal emissions. Coal and peat 
prices are chosen to represent global and regional fuel price de-
velopments. We do not include oil price as its variation is highly 
correlated with coal price. Similarly, we leave out the price of wood 
chips as its price development correlates with peat price. 
Descriptive statistics of the variables used in the regression model-
ling are provided in Table 1. Data on population characteristics was 
collected from the population structure (OSF, 2020b), employment 
(OSF, 2020c) and income distribution (OSF, 2020d) statistics. Municipal 
characteristics are from the population structure (OSF, 2020b), dwell-
ings and housing condition (OSF, 2020e) and municipal elections OSF 
(2020f) statistics. Localised economic data was collected from local 
government finances (OSF, 2020g) and regional accounts (OSF, 2020h). 
Fuel and electricity prices are from energy price statistics (OSF, 2020i). 
An empirical two-way fixed effects panel data regression model was 
used to estimate the influence of Hinku membership on municipalities’ 
emissions. A random effects model was also considered, but the Haus-
man (1978) specification test showed that a fixed effects model should 
be applied. We took a natural logarithm of the dependent variable to 
linearize the relationship with explanatory variables, to make the error 
distribution more normally distributed and to ease the interpretation of 
results. The empirical model is written as: 
lnEit = αi +Hinkuitδ+ x’itβ+ εit,
Fig. 1. Number of municipalities where sector-specific emissions have either 
reduced (on the left) or increased (on the right) between 2005 and 2017. 
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where i ∈ {1,⋯, 310} are municipalities, t = (2005,⋯, 2017) are years 
in the sample period, Eit are emissions of municipality i in year t, αi are 
the municipality-specific fixed effects, x’it includes the control variables, 
and error term εit is independent and identically distributed over mu-
nicipalities i and years t. We are mostly concerned with the coefficient of 
the Hinku indicator δ, which is, due to logarithmic transformation, 
interpreted directly as a percentage change in emissions due to joining 
the Hinku network. To account for any remaining non-linearities in the 
model the population size, disposable income, shares of industrial and 
service sector employees and fuel prices were transformed into natural 
logarithms. A Maddala-Wu (Maddala and Wu, 1999) unit root test 
showed that all variables are stationary at 1% risk level. As additional 
checks, we estimated additional models explaining sectoral emissions 
from Lounasheimo et al. (2020c), whole effort sharing sector emissions 
and per capita emissions. 
2.3. Qualitative methodology 
The representatives of all Hinku municipalities that had joined the 
network by the end of 2018 were interviewed, with the exceptions of 
four municipalities – two due to personnel changes and two for other 
reasons. A total of 40 interviews were conducted in the latter part of 
2019. Of the interviewed municipalities, 11 were classed as urban and 
29 as rural (OSF, 2020b). Most interviewed municipalities were small to 
medium in size, with an average population of around 18 300, ranging 
from 1 852 to 84 403 (OSF, 2020b). Over half of the municipalities had 
<10 000 inhabitants and only four over 50 000. On average munici-
palities had been a member of the Hinku network for 5 years at the time 
of the interview, ranging from little under a year to almost 12 years. The 
interviewed municipalities are somewhat representative of Finland’s 
municipalities overall, 18% of which are classed as urban, with an 
overall average population of around 17 800. 
30 interviews were conducted individually and 10 in pairs or groups 
of three. The interviews were conducted both in person and online by 
researchers of SYKE, and their average duration was 73 min (ranging 
from 36 to 126 min). From each municipality, the Hinku contact person 
and/or another member of staff involved with their climate work was 
interviewed. Almost two thirds of the interviews included a person or 
people who had worked with Hinku matters since the municipality 
joined the network. However, several interviewees had only been 
involved for one or two years. 
In the semi-structured interviews, participants were first asked about 
their role in the municipality’s climate activities. After this, questions 
covered how the Hinku network may have affected the organisation of 
climate work in the municipalities. Participants were then asked about 
past and upcoming concrete emission reduction measures triggered by 
the network, with estimations of the their impactfulness, finishing with 
questions relating to the municipalities’ broader roles (see Table 2). The 
one to two-hour interviews were recorded and transcribed. They were 
then analysed using content analytical methods, by categorizing re-
sponses in relation to how the network has affected climate action in the 
Table 1 
Descriptive statistics of the variables in regression analysis. Hypotheses reflect 
the expected signs of the regression coefficients based on previous literature.  
Variable Min Max Mean St. 
dev. 
Hypothesis 
Emissions, total (kt CO2e) 8.0 3737.7 148.2 265.3 dependent 
Emissions per capita (t 
CO2e) 
3.2 34.3 11.7 4.4 dependent 
Average temperature 
(Celsius) 
− 2.7 8.3 4.4 1.6 – 
Precipitation (millimetres 
per year) 
375.1 1031.9 643.1 99.5 ±









13.8 67.8 23.4 4.4 +
Share of persons with high 
education (%) 
2.5 38.6 9.4 4.1 – 
Share of employees 
commuting in (%) 
7.7 70.1 28.6 11.8 +
Share of employees 
commuting out (%) 
6.8 80.7 37.4 17.9 – 
Share of K1 (Inner urban 
area) (%) 
0.0 93.4 5.1 14.6 – 
Share of K2 (Outer urban 
area) (%) 
0.0 97.6 9.5 20.8 – 
Share of K3 (Peri-urban 
area) (%) 
0.0 98.5 9.9 22.0 – 
Share of M4 (Local centers 
in rural areas)(%) 
0.0 89.8 7.7 20.4 – 
Share of M5 (Rural areas 
close to urban areas) (%) 
0.0 99.4 11.7 23.4 – 
Share of M6 (Rural 
heartland areas) (%) 
0.0 100.0 32.0 38.6 – 
Share of M7 (Sparsely 
populated rural areas) 
(%) 
0.0 100.0 23.4 36.3 reference 
Occupancy rate (m2 per 
capita) 
31.2 52.1 42.2 3.3 +
GDP per capita (€) 14463 59844 30181 7801 +
Share of empl. in primary 
production (%) 
0.1 55.3 13.2 9.1 reference 
Share of empl. in 
industrial sector (%) 
2.0 67.8 25.0 10.1 +
Share of empl. in service 
sector (%) 
23.8 97.1 61.8 10.5 – 
Share of National 
Coalition Party (%) 
0.0 52.6 16.7 10.4 ±
Share of Social Democratic 
Party (%) 
0.0 51.2 18.2 10.3 ±
Share of Centre Party (%) 0.0 94.1 37.6 20.4 reference 
Share of Green League (%) 0.0 33.3 2.6 4.1 – 
Share of Finns Party (%) 0.0 40.7 6.9 7.3 ±
Share of Left Alliance (%) 0.0 37.2 7.2 7.6 ±
Share of Swedish People’s 
Party (%) 
0.0 100.0 4.7 15.7 ±
Share of Christian 
Democrats (%) 
0.0 76.9 3.3 5.1 ±
Annual contribution 
margin per capita (€) 
− 1319 4682 313 279 – 
Coal price (euros/MWh) 13.5 39.3 24.2 8.4 – 
Peat price (euros/MWh) 9.5 20.6 14.5 3.9 – 
Electricity (energy) price 
(euros/MWh) 
29.7 56.6 39.4 8.7 ±
Table 2 
Thematic topics of the interviews and questions’ relevance within the research 
framework.  
Thematic topics of the interviews Questions’ relevance within research 
framework 
1. The role of Hinku in the 
municipality’s climate activities 
Understanding motivations for joining the 
Hinku-network, the support expected and 
received from it and the perceived 
usefulness of the network. Finding sharing 
of good mitigation practices and 
communication between other Hinku- 
municipalities 
2. The effect of Hinku membership on 
the organisation of climate work in 
the municipalities 
Understanding the organisation of climate 
work within the municipal organisation in 
relation to the Hinku-criteria, and the 
communication with and engagement of 
other municipal and external actors of the 
municipality in implementing climate 
work 
3. Concrete climate change mitigation 
actions implemented in the 
municipality 
Understanding the range of concrete 
actions implemented in the 
municipalities, their motivations, and the 
perceived impact of the network on 
emission reductions 
4. The role of the municipality in 
implementing national climate policy 
Understanding the experiences and 
perceptions of municipalities’ roles as 
forerunners  
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municipalities. The approach combined conventional and directed 
content analysis in deriving relevant categories from the data but being 
simultaneously guided by a prior understanding of the different func-
tions an intermediary network fulfils (Hsieh and Shannon, 2005). 
Table 3 
Regression results of municipal greenhouse gas emissions in 2005–2017.  
Dependent variable: Natural logarithm of greenhouse gas emissions (kt CO2-eq.)  
Model 1 Model 2 Model 3 Model 4 
Hinku − 0.120*** − 0.045*** − 0.046*** − 0.031*** 
(0.016) (0.013) (0.013) (0.012) 
EEAM − 0.088*** − 0.011* − 0.011* 0.001 
(0.007) (0.006) (0.006) (0.006) 
Temperature − 0.043*** − 0.034*** − 0.035*** − 0.017*** 
(0.001) (0.001) (0.001) (0.001) 
Precipitation − 0.00003** − 0.00004*** − 0.00004*** 0.0001*** 
(0.00001) (0.00001) (0.00001) (0.00001) 
ln(Population size)  0.656*** 0.529*** 0.538***  
(0.063) (0.105) (0.100) 
ln(Disposable income)  0.312*** 0.371*** 0.379***  
(0.051) (0.049) (0.059) 
Share of higher education  − 0.060*** − 0.056*** − 0.029***  
(0.004) (0.005) (0.005) 
Share of commuting in   − 0.0004 0.001   
(0.001) (0.001) 
Share of commuting out   − 0.003*** − 0.002*   
(0.001) (0.001) 
Share of K1   − 0.006 − 0.011   
(0.016) (0.015) 
Share of K2   − 0.015 − 0.020   
(0.014) (0.012) 
Share of K3   0.0004 − 0.008   
(0.009) (0.008) 
Share of M4   − 0.011 − 0.010   
(0.011) (0.009) 
Share of M5   0.0001 − 0.006   
(0.007) (0.007) 
Share of M6   − 0.011 − 0.014   
(0.009) (0.009) 
Occupancy rate   − 0.004 0.011**   
(0.005) (0.004) 
Annual contribution margin    − 0.009*    
(0.005) 
GDP per capita    0.009***    
(3.245e− 03) 
(GDP per capita)2    − 0.0001***    
(4.314e− 05) 
ln(Industrial employment)    0.013    
(0.018) 
ln(Service employment)    − 0.120***    
(0.040) 
National Coalition Party    0.0004    
(0.0005) 
Social Democratic Party    0.001    
(0.001) 
Green League    − 0.002**    
(0.001) 
Finns Party    − 0.001**    
(0.001) 
Left Alliance    − 0.001    
(0.001) 
Swedish People’s Party    0.002***    
(0.0004) 
Christian Democrats    0.0003    
(0.001) 
ln(Coal price)    − 0.128***    
(0.008) 
ln(Peat price)    − 0.064***    
(0.016) 
ln(Electricity price)    0.111***    
(0.004) 
Number of observations 3 822 3 822 3 822 3 822 
Adjusted R2 0.199 0.588 0.593 0.689 
F statistics 312.204*** (df = 4; 3524) 822.097*** (df = 7; 3521) 367.267*** (df = 16; 3512) 284.107*** (df = 31; 3497) 
Notes: Clustered standard errors are shown in parentheses. Reference categories are the share of M7, the share of primary production and the share of Centre Party. * p 
< 0.1; ** p < 0.05; *** p < 0.01. 
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3. Results 
3.1. Statistical analysis 
The regression results show a statistically highly significant negative 
relationship between Hinku network membership (the Hinku indicator) 
and municipalities’ greenhouse gas emissions (Table 3). That is, the 
emissions of Hinku municipalities during 2005–2017 were 3.1 (±2.3) % 
lower than they would have been without joining to the Hinku network 
(shown in Model 4). The estimates with 95% confidence intervals are 
shown in Fig. 2. The results were constructed sequentially by adding 
variables to Model 1, which included only weather conditions, Hinku 
and EEAM indicators. The explanatory power of Model 1 was relatively 
low with an adjusted R2 of 0.2. Model 4 is the most detailed form with all 
control variables. The R2 of Model 4 increased to 0.69, which is a 
reasonably good model fit. The highest increase in the explanatory 
power was achieved when including the population characteristics. 
Alongside the relationship between Hinku membership and 
greenhouse gas emissions, the analysis provides other meaningful and 
interesting results. As expected, the coefficient of temperature is statis-
tically highly significant and has a negative sign. On average, green-
house gas emissions decrease by 1.7% as annual average temperature is 
1 Celsius degree higher. Municipalities with higher population size and 
higher average disposable income have higher total emissions. 
Furthermore, a larger share of highly educated people is associated with 
lower emission levels. More spacious living conditions increase emis-
sions, as expected. Participation in the Energy Efficiency Agreement 
does not lower emissions statistically significantly. 
Based on our results, urban form does not play any role in emissions 
generation. The insignificance of urban form is interesting, as it has been 
shown to have an effect on emissions, at least when consumer carbon 
footprints are considered (Ala-Mantila et al., 2014). Our results differ 
from this branch of literature in that our focus is on territorial green-
house gas emissions, which differs from life-cycle analysis related to 
consumption patterns. Still, it is interesting why urban form plays no 
role in determining municipal greenhouse gas emissions. To further 
analyse the relation between urban form and emissions, we performed a 
stepwise analysis (Appendix A). In Model A1 we included Hinku and 
EEAM indicators, weather conditions and shares of different urban rural 
classes. Our results show that urban form is crucial in explaining emis-
sions when nothing else is controlled for. On the other hand, when 
population size and average disposable income (describing job situa-
tion) are included in the estimation (Models A2 and A3), urban form no 
longer plays a role in explaining emissions. 
Interestingly, a better economic position of a municipality, measured 
in annual contribution margin per capita, has a statistically significant 
decreasing effect on emissions. This result has important implications 
for national policymaking when designing municipalities’ income 
financing. Otherwise, results seem intuitive: a higher service sector 
share, higher fuel prices and higher Green League representation in the 
city council result in lower emissions. On the other hand, slightly 
counterintuitive is the negative coefficient of the Finns Party, as the 
party is known for its climate sceptic attitudes. 
Estimation results in Table 3 considered the total municipal emis-
sions. To examine how Hinku membership has affected sector-specific 
and per capita emissions, we conducted additional regression analyses 
with the same specification than Model 4 in Table 3, where only the 
dependent variable is changed. The key results regarding the impact of 
Hinku are shown in Table 4, while the full estimation results are shown 
in Tables B1 and B2 in Appendix B. Results in Table 4 show that Hinku 
has had a statistically significant impact on the emissions of electric 
heating and waste treatment. The impact on district heating, agriculture 
and industry were examined by deducting their emissions from the total 
Hinku emissions. This was done because there are municipalities 
without any district heating, agricultural and/or manufacturing 
Fig. 2. Estimates of Model 4 with confidence intervals. * p < 0.1; ** p < 0.05; 
*** p < 0.01. 
Table 4 







Electric heating − 3.03%  0.015  0.043**  0.794 
Oil heating 1.14%  0.015  0.451  0.855 
Consumption electricity − 1.74%  0.014  0.212  0.825 
Waste treatment − 3.84%  0.022  0.004***  0.698 
Road traffic − 0.53%  0.006  0.342  0.545 
Machinery − 0.56%  0.004  0.123  0.690 
Emissions without district 
heating 




− 2.00%  0.009  0.019**  0.793 
Effort sharing sector − 2.39%  0.012  0.046**  0.519 
Hinku emissions per capita − 2.66%  0.014  0.020**  0.646 
Notes: Clustered standard errors are shown in parentheses. * p < 0.1; ** p < 0.05; 
*** p < 0.01. 
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emissions. In doing so, we avoid having a lot of zero values in the 
dependent variable. As the Hinku estimates decreased, it can be inferred 
that Hinku membership has also had an effect on district heating, agri-
cultural and/or manufacturing emissions. When looking at the emis-
sions of the whole effort sharing sector, our results show (2.39% < 3.1%) 
that the emissions of sectors excluded from the Hinku calculation cannot 
be influenced as strongly as the emissions of included sectors. Lastly, the 
connection between Hinku membership and per capita emissions is also 
statistically significant and negative (− 2.66%), but the impact is slightly 
lower than for total emissions (− 3.1%). 
As we tackle questions of causality with the model and variable se-
lections, certain issues need to be considered. It is possible that some 
Hinku municipalities would have carried out the same measures and 
investments regardless of joining the Hinku network. That is to say that 
there might exist a self-selection bias that would groundlessly emphasize 
the impact of Hinku on emissions. However, including the composition 
of political parties within the city councils into the analysis reduces this 
bias. Furthermore, any attitudes that remain fixed over the sample 
period are captured by the municipality-specific fixed effects. 
Lastly, we conducted an analysis where additional lead-indicators 
were added for Hinku municipalities one and two years before the 
actual joining year. By doing so we can estimate any anticipatory effects 
from joining the network. Our results in Table C1 in Appendix C show 
that the lead-indicators are not statistically significant in explaining 
emissions. Thus, we can conclude that the municipalities joining Hinku 
are not always municipalities that foresee their emission development 
and do not base their decision to join on such expectations. 
3.2. Qualitative results 
The representatives of the interviewed municipalities regarded the 
Hinku network as effective in advancing local climate work. In 80% of 
the interviews it was stated that the network has in some form affected 
climate work in the municipality. The effects varied across municipal-
ities. Among 60% of the municipalities it was mentioned that joining the 
network had affected the implementation of concrete climate measures, 
such as energy renovations in buildings or solar power investments, 
while in some municipalities the network was seen to have impacted the 
overall mindset within the municipality. In half of the interviews, the 
expert help received through the network was highlighted. In the 
following we elaborate on the factors of Hinku network membership 
that interviewees regarded as being the most effective in enhancing 
climate work in their municipalities (Fig. 3). 
3.2.1. Structuring climate work in municipalities 
As stipulated in the membership criteria, municipalities join the 
Hinku network by decision of the local council. According to the in-
terviews, this public strategic commitment to specified emission 
reduction targets had been important. Often joining had been initiated 
by a key person in the municipality, an active council member from a 
political party (e.g. the Green League), or in some cases by a represen-
tative of SYKE. Joining the network had often happened as a natural 
continuation of climate or energy-related work already carried out in 
and around the municipality, but it may also have been seen as a new 
opening or an image-improving factor. Some neighbouring municipal-
ities had decided to join together. In some cases, climate issues were 
brought into municipal strategies only upon joining the Hinku network. 
Fulfilling the Hinku membership criteria serve as a basis for struc-
turing climate work in the municipalities. The interviews revealed that 
these criteria are implemented to varying degrees. The main criteria 
were fairly well covered – over three quarters of the municipalities had 
both a contact person and some form of a working group that handles 
climate matters. The roles, titles and responsibilities of the appointed 
Hinku contact people varied, most of them working within the envi-
ronmental or technical divisions, but the analysis found that their ac-
tivity played an important role in advancing concrete action. Most 
municipalities had opted for a separate or joined working group dealing 
with sustainability, climate and/or energy matters, while a few included 
these matters on the agendas of existing higher-level working groups, 
such as the executive board group. In several cases, representatives of 
external parties such as schools, businesses, residents or youths had also 
been given a seat or had voluntarily gotten involved. Resource chal-
lenges were common among most municipalities, relating mostly to 
scarce human resources, time and finances. In spite of these challenges, 
our analysis found that implementing climate work within the municipal 
organisation was easier when it was legitimised vertically and shared 
horizontally. 
3.2.2. Providing expert support 
Analysis revealed that expert support had been utilised by at least 
half of the interviewed municipalities. Some municipalities had not yet 
asked for support and some hadn’t needed it. The coordinator of the 
Hinku network was identified as a source of tailored tools, data and 
information, that most of the time are free for member municipalities to 
use. A key example – the nationwide local-level greenhouse gas in-
ventory – was brought up in several interviews, functioning also as a 
baseline for further calculations of e.g. impact assessments and abate-
ment potentials of climate work. Other expert support received from the 
network coordinator as mentioned by those interviewed included, for 
instance, support in communication planning and drafting of funding 
applications, especially for newer members, as well as initiating green 
public procurements, new projects or private sector involvement. 
Furthermore, participants had also found support from interactions with 
external expert organisations, which in many cases had been enabled by 
network membership. 
3.2.3. Offering peer support 
Alongside providing expert assistance, the network coordinator’s 
role after establishing Hinku was recognized by interviewees as having 
facilitated systematic interaction and offered peer learning from 
Fig. 3. Key factors effecting municipal climate work enhanced by Hinku network membership (Percentage of interviewed municipalities, N = 40).  
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concrete actions between its members, especially through regional sub- 
projects. Over half of the interviews revealed collaboration between 
peers connected to Hinku membership, with 25% mentioning 
networking as a significant benefit of having joined the network. In 
concrete terms, participants mentioned, for example, the biannual 
Hinku network days, where new ideas and best practices are shared. The 
network had also functioned as a means for key stakeholders and other 
expert organisations to connect with member municipalities, who are 
often regarded to a certain degree as forerunners. This had benefited 
member municipalities in the form of joint projects and procurements, 
for example, initiated by different actors. Regional collaboration was 
prevalent, especially in terms of collaboration between neighbouring 
municipalities with similarities in size or circumstance. Interviewees 
reported having received motivation and inspiration from the network, 
many paying particularly close attention to the activities and best 
practices of members that were regarded as most advanced in their 
climate work. 
3.2.4. Triggering concrete climate measures 
The interviewed municipalities reported a wide range and number of 
implemented emission reduction measures initiated after Hinku mem-
bership. Certain municipalities only named a few low-impact actions 
while others listed several investments, some with significant emission 
reduction potentials. According to the interviews, the municipalities’ 
most important concrete actions included measures relating to heating 
and energy production (e.g. district heating, wind and solar in-
stalments), energy efficiency in buildings and transport (e.g. electric 
vehicle charging infrastructure). In many municipalities concrete action 
had taken off slowly. While influencing firms or changing the behaviours 
of residents was found difficult, municipalities identified several ave-
nues through which they can directly affect emissions outside the scope 
of the municipal organization. These include municipal owned energy 
and water companies, public procurement as well as land use planning 
and zoning regulations. 
3.2.5. Tracking progress 
In relation to the Hinku network’s ambitious emission reduction 
targets, the interviewees showed some variance when asked whether 
they considered their municipalities to be forerunners. Nearly one third 
agreed to some extent, but many felt that no real action had yet been 
taken, that there had been little or no communication about the work 
being done, or that actions implemented due to Hinku had not been 
particularly special. Several interviewees, however, felt that their mu-
nicipalities may yet become forerunners or that they are indeed fore-
runners, but only in certain sectors. Some municipalities were said to 
have committed to the targets having had no understanding of their 
required ambition or being under the assumption that state-level pol-
icies would automatically lead to sufficient emission reductions.3.2.6. 
Legitimizing local climate work 
In addition to triggering concrete actions,joining Hinku had affected 
the general atmosphere and decision-making processes in some munic-
ipalities. Membership had even been used internally within the munic-
ipal organization by employees as grounds for allocating funds for often 
deprioritized climate related activities, appealing to the decision made 
by the local council upon joining the network to commit to reducing 
emissions. Municipalities recognized that Hinku membership had also 
provided legitimacy among citizens, with climate work being carried out 
in important channels of influence such as schools, daycares and other 
educational institutions. In cases where climate work had been met with 
opposition both within and outside of the municipal organisation, in-
terviewees found it helpful to report on the economic perspectives and 
saving potentials of different concrete actions, supporting these claims 
with facts and figures. Media visibility of successful actions, active 
member municipalities and a growing network were recognized as being 
conducive to enhancing wide-spread climate work in the municipalities. 
Nevertheless, several municipalities struggled with private sector and 
public engagement. 
4. Discussion 
4.1. Impacts of a climate network 
Greenhouse gas emission reduction targets set at the local level often 
surpass national ones in their level of ambition. Setting targets, however, 
is one thing, and achieving them is another. In many cases the local level 
is where the targets – be they global, national or regional – are put into 
practice. This is precisely why climate action on the local level is so 
crucial and why local governments are seeking for synergies and 
partnerships. 
Climate networks are one form of intermediaries that are helping 
local governments in their endeavours. The beneficial role of in-
termediaries in municipal climate work has been noted in several studies 
(Stewart and Hyysalo, 2008; Kivimaa, 2014; Matschoss and Heiskanen, 
2017; Saikku et al., 2017). However, the ability to quantify the impacts 
of climate actions or climate networks and other local level climate 
initiatives on the local scale has been missing due to a lack of appro-
priate metrics (Damsø et al., 2017; Boehnke et al., 2019). This is the 
research gap that our first research question concerning the measured 
impacts of climate network membership addresses. Recent work by 
Lounasheimo et al. (2020a) enabled us to utilise a suitable indicator, 
municipal greenhouse gas emissions, in identifying the impact of a 
climate network on municipalities in Finland. A similar approach to the 
evaluation of the effectiveness of local climate work could also be 
replicated elsewhere, provided that such a detailed metric can first be 
developed. In addition, reliable qualitative and quantitative evaluation 
requires long-term commitment alongside organized and well- 
documented climate work. 
According to our econometric analysis, emissions of Hinku network 
member municipalities are on average 3.1% lower than what they would 
be without Hinku membership, when other factors affecting emission 
levels have been taken into account. To improve causal inference, in 
addition to the specific time-varying factors, we controlled for any un-
observed region-specific fixed effects, such as deeply rooted cultural 
factors, beliefs or attitudes that may partly determine municipal emis-
sions. To tackle possible self-selection bias, we included the composition 
of political parties within the local councils into the analysis. The 
qualitative results also show that most of the municipalities have 
implemented additional emission reduction measures due to the exis-
tence of the Hinku network. 
Our results also provide some evidence to support that climate work 
done as part of the Hinku network fulfils the network’s aims of 
advancing cross-sectoral and systemic climate impact in municipalities. 
The systemic nature of climate action can be seen in the concrete mea-
sures implemented by member municipalities. The most highly valued 
ones included e.g. replacing fossil-based heating and energy production, 
investing in renewables through wind and solar instalments, or cata-
lysing the electrification of the vehicle fleet by developing their charging 
infrastructure. Aside from triggering changes in the energy system, for 
example, the network generates systemic change by advocating for 
cross-sectorality in administrative climate work as well as for public 
engagement. Hinku climate work therefore likely passes through the 
whole municipality, as its overall impact on emissions results from 
development in multiple sectors. Although the identified impact is not 
huge, it is not negligible, given that the purpose of the network is to 
enhance local climate work by bringing municipalities and other 
stakeholders together. In other words, the results are largely positive, 
given that the operating costs of the network itself are quite modest. 
From a modelling perspective, our study describes municipal emis-
sions on a highly detailed intranational level, compared to previous 
econometric studies (see e.g. Huang et al., 2019; Hsu et al., 2020). Most 
of our results are in line with previous literature in relation to control 
variables (Franzen and Vogl, 2013; Minx et al., 2013; Zhou and Liu, 
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2016). Political alignments revealed interesting results, and the emis-
sion reducing effect of a higher share of Green League members was also 
reflected in the interviews, according to which membership was often 
initiated by a member of the Green League party. The results also pro-
vided new evidence on the importance of municipalities’ financial sit-
uations in the execution of climate work, which ought to be considered 
in central government budgeting. 
On the other hand, in contrast to some of the previous literature 
(Wiedenhofer et al., 2017), our results show a statistically insignificant 
impact of urban form on emissions. Urban forms are classified based on 
certain area characteristics. For instance, the indicator used in this study 
is a combination of multiple factors related to population, jobs, service 
accessibility, building stock, road network and land usage (Helminen 
et al., 2020). That is, urban form correlates highly with the population 
size and average disposable income levels. Omitting other key de-
terminants of emission formation may result in “mislabelling” certain 
impacts under urban form. Lastly, participation in the EEAM does not 
have a statistically significant effect on the total municipal emissions 
because its focus is only on the energy efficiency of the building stock of 
the municipal organisation itself. 
Our quantitative results revealed that there is a statistically signifi-
cant correlation between Hinku network membership and the level of 
municipal emissions, but how exactly does this occur? Our second 
research question aimed to answer this. Even though it was not possible 
to single out the exact role of the climate network as an intermediary, 
the interviews revealed what factors member municipalities regarded as 
effective in advancing local climate work. At best, network membership 
can provide a framework for structuring municipal climate work 
whereby it provides strategic vision translating to concrete actions with 
quantifiable emission reductions. 
Successful climate networks offer tailored solutions (Rashidi and 
Patt, 2018). As members perceive that the Hinku network has provided 
expert support and translated climate targets into practical measures in 
the municipalities, the Hinku network can clearly be seen to function as 
a vertical intermediary (Gustafsson and Mignon, 2020). On the other 
hand, peer support in the form of shared experiences on climate ex-
periments, examples of best practices or emotional support from col-
leagues and other municipalities speaks to its strong horizontal 
functions (Matschoss and Heiskanen, 2017). This was apparent espe-
cially regionally. Kivimaa et al. (2019) have argued that successful in-
termediaries function by networking, offering institutional support, 
building capacities and creating visions. The Hinku network clearly 
fulfils all these attributes. 
What is interesting is how, in addition to the horizontal and vertical 
intermediary dimensions, the network manages to be a source of effects 
in itself. Hinku holds properties that go beyond the functions regarded as 
being integral to a successful intermediary. The network has managed to 
create an aura of legitimacy for the actors involved in municipal climate 
work. Municipal officials can, for instance, base their arguments for 
advancing climate measures on the Hinku status of the municipality. 
This is clearly supported by the Hinku requirement of strategic level 
commitment in offering leverage and guidelines, but the status can also 
build a positive responsibility for advancing climate work in the 
municipal actors’ daily activities. The effectiveness of the network ap-
pears to stem from the combination of horizontal and vertical interme-
diation and the strong status of the network. 
4.2. Advancing local climate work via networks 
The idea of the Hinku network from the start has been to form a 
network of peers to encourage climate work on a local scale, in a cost- 
effective and socially profitable way, in collaboration with local busi-
nesses and residents (Seppälä et al., 2011). The crucial role of munici-
palities in attaining the emissions targets, especially in the effort sharing 
sector, is recognised in national climate policy (MEAE, 2016). Overall, in 
the Nordic context, the relatively strong municipal autonomy further 
emphasizes the role of local level governments in putting the national 
and supra-national policy targets into practice (Keskitalo & Liljenfeldt, 
2012). Our study showed that for the most part, municipalities recognize 
their roles, opportunities and responsibilities in local climate work. 
Judging by the member municipalities’ reduced emissions, the network 
has been successful. 
However, in spite of the good efforts thus far, work remains to be 
done in terms of successfully facilitating local climate work, especially in 
terms of public engagement. Nagorny-Koring (2018) has suggested that 
best practice examples are useful in facilitating stakeholder mobilization 
through acceptance, while also activating political leadership. Similarly, 
Palermo et al. (2020) found that full engagement of stakeholders and 
citizens is required to effectively carry out actions and thus reduce 
emissions, also noting that smaller municipalities with fewer resources 
may need extra support in reaching their objectives. This is in line with 
the notions of tailored solutions by Rashidi and Patt (2018). However, 
tailored solutions require sufficient resources, especially as networks 
grow. 
The Hinku network has experienced significant growth within recent 
years. From 5 municipalities in 2008, the network has expanded into 73 
municipal members, several partner companies as well as five Hinku 
regions in 2020. All in all, these Hinku regions and municipalities cover 
36% of the Finnish population, that is nearly 2 million people. Through 
its rapid expansion, the nature and focus of support offered by the 
network coordinator has evolved, shifting from direct, individualistic 
vertical support to a more horizontal and holistic approach. Obviously, 
this also means that expert solutions offered to municipalities are less 
tailored. However, regional actors have been harnessed to help lead 
climate action on the local level, partially counteracting the shift from 
tailored help into more aggregate vertical support. Repeating this study 
some years later will provide grounds for monitoring whether the net-
work’s continued expansion and shift has affected the climate work and 
emissions of both old members, as well as new ones. Furthermore, it will 
be possible to investigate the dynamics or lagged response of emission 
reductions as a result of Hinku membership when the time series gets 
longer. 
It should be noted that simply joining a network and setting ambi-
tious targets does not automatically lead to emission reductions, even if 
they have been occurring thus far. A recent study on the progress of 
certain EU Covenant of Mayors signatories found that cities on track to 
achieving their 2020 targets were in fact more likely to have less- 
ambitious targets and higher baseline emissions, reflecting poorly on 
cities that had perhaps set unrealistically ambitions targets with 
incomplete action plans (Hsu et al., 2020). In light of our findings, we 
can also argue the opposite, considering the positive link between 
ambition level and actual emission reductions in the case of the Hinku 
network. Hinku’s once highly ambitious emission reduction targets have 
remained unchanged for more than ten years, while the level of ambi-
tion of national policy has increased, the two converging. The network 
has still remained successful in boosting local climate action throughout 
the years - successes which may in turn reflect positively on the tight-
ening of national level policies. In any case, ambitious local targets need 
to be aligned with systematic work and relevant actions. For this, actors 
need help in organising climate work and understanding the most effi-
cient emission reduction measures, with incentives to execute them. 
When designed wisely, climate networks offer a worthwhile platform for 
this. 
5. Conclusion 
Climate networks can serve as a feasible platform for providing local 
governments with elements leading to systematic climate work. When 
the intermediation within these networks is designed and implemented 
carefully, climate networks can reduce local climate emissions, as our 
study shows. This requires network activities to stem from practical 
needs in local contexts. 
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Our research is the first step towards measuring the quantifiable 
impacts of a climate network on greenhouse gas reductions on the local 
level. It is important to acknowledge that longer-term monitoring and 
evaluation of the emission dynamics is needed, as climate work calls for 
perseverance, while local governments face a budget constraint in 
making investments. Furthermore, as networks grow, the dynamics of 
co-operation and knowledge sharing may simultaneously be changing, 
which could have an evolving effect on the network’s impact on local 
emissions. 
The financial situation of local governments is one crucial factor 
affecting local emissions. Therefore, national and supranational policies 
need to ensure that municipalities are granted sufficient funding in their 
pursuit of carbon neutrality. Again, local governments need to be able to 
allocate scarce financial resources within their local contexts. At best, 
climate networks can offer the information, tools and capacities for 
optimising this allocation. 
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